###### Strengths and limitations of this study

-   This study revealed that public automated external defibrillator (AED) use was a significant predictor of cerebral performance category n(CPC) 1 or 2 outcomes for cardiac origin out-of-hospital cardiac arrest (OHCA), and bystander rescue breathing for non-cardiac origin OHCA among children aged 5--17 years.

-   By using signal detection analysis, the issues of the multicolinearity and interactions among variables can be resolved.

-   Variables regarding the treatment in the hospital were not included in the analysis.

Introduction {#s1}
============

Paediatric out-of-hospital cardiac arrest (OHCA) is an uncommon event, but is generally associated with poor survival and long-term neurological outcomes.[@R1] Some factors that may contribute to the 1-month survival rate following OHCA in children have been identified, including witnessed cardiac arrest, initial ECG rhythm and bystander cardiopulmonary resuscitation (CPR); however, these factors were not investigated for an effect on long-term prognosis after resuscitation.[@R5] [@R8] [@R9] Factors affecting long-term prognosis following OHCA in adults have been studied, and Dumas *et al*[@R10] [@R11] reported that chest compression alone CPR or shockable initial ECG rhythms were significantly associated with long-term prognosis in adults. Nonetheless, a gap remains in our understanding of the OHCA-related features that can predict clinical outcomes in children experiencing these events.

Importantly, the statistical analyses used in most of the previous studies of factors affecting OHCA outcomes were based on the χ^2^ test with stratification, multivariate regression analysis or linear regression analysis.[@R12] [@R13] These statistical methods are effective when a model includes the interaction of two variables. However, if a model includes the interaction of three or more variables, there is typically a problem of multicolinearity, and the interpretation of higher-order interaction is complex. To address these problems, the signal detection analysis (SDA) method has been advocated by Kraemer.[@R14] SDA recursively reveals the strongest interaction of factors among groups, based on the largest χ^2^ statistic and significant probability (p\<0.05), and in the absence of that factor, the remaining factors are again analysed recursively. Thus, SDA is a prediction tool like a recursive partitioning analysis or decision tree analysis, wherein a combination of factors can explain the probability of an outcome.

The purposes of this study were (1) to identify factors associated with long-term neurological prognosis following OHCA in children, (2) to identify distinct subgroups with the high probability of good long-term neurological prognosis and (3) to consider the prediction of OHCA by using subgroups and identified factors and develop effective prevention programmes for OHCA in children.[@R17]

Methods {#s2}
=======

Study setting {#s2a}
-------------

The National Japan Utstein Registry at the Fire and Disaster Management Agency (FDMA), Japan, is a prospective, nationwide, population-based registry for OHCA.[@R18] This observational study included all paediatric (aged 5--17 years) OHCA cases registered between 1 January 2007 and 31 December 2010, treated by emergency medical service (EMS) personnel and transported to hospitals during the study period. A detailed description of the Japan Utstein Registry has been reported in other studies.[@R19] In this study, OHCA by external causes was excluded from the study population. The FDMA provided the anonymous data, and written informed consent was waived.

Study variables, outcomes and predictors {#s2b}
----------------------------------------

Data were collected prospectively by FDMA with a form that queries gender, age, causes of cardiac arrest, bystander\'s witness status, first documented ECG, presence and type of CPR by bystander, and intubation and administration of epinephrine by EMS personnel. The outcome variable assessed in this study was cerebral performance categories (CPCs) of the Glasgow-Pittsburgh Outcome Categorization of Brain Injury, which scores cerebral function from 1 (normal) to 5 (brain death).[@R22] CPC, which was assessed here 1 month after OHCA, is more suitable than return of spontaneous circulation before hospital arrival or 1-month survival after the event because CPC reflects the quality of life after the event.[@R23] Explanatory variables were categorised into three information groups: demographic and transport, basic life support provided by a bystander and advanced life support provided by EMS personnel. Demographic and transport information included gender, age, the presence of life-saving technician in the ambulance, the presence of a medical doctor in the ambulance, time from emergency call to ambulance arrival on the scene, time from emergency call to hospital arrival and initial ECG waveform. Information about basic life support provided by a bystander included chest compression, rescue breathing and automated external defibrillator (AED) use. Information about advanced life support provided by EMS personnel included defibrillation by emergency medical personnel, advanced airway device use, obtaining intravenous access and epinephrine injection. Cases with missing data for age and other variables were excluded from further analyses.

Statistical analysis {#s2c}
--------------------

Descriptive analyses using the entire sample were conducted first, and t test or tests of independence were used to compare cardiac origin OHCA and non-cardiac origin OHCA. Next, the study data were randomly divided into two samples as a split-half method[@R24] [@R25]: one for a prediction analysis (sample 1, n=1450) and the other for a validation analysis (sample 2, n=1450). Randomisation was performed using SPSS software (V.19; SPSS, Chicago, Illinois, USA). Cross-validation was performed on all study variables between samples 1 and 2, using a t test for a continuous variable or a χ^2^ test for categorical variables. Test results of non-significance would guarantee validity of randomisation, and, subsequently, homogeneity between samples 1 and 2.[@R24] [@R25]

We used SDA (ROC 5.0 software) to develop a prediction model for the outcome of OHCA in children. Based on previous studies, analysis included 17 essential variables, including basic information (age, gender, medical staff ride, etc), cardiac arrest witness and bystander CPR, and diagnosis and treatment at the hospital. These 17 variables produce in excess of millions of possible combinations. Logistic regression or linear regression analyses cannot adequately deal with every possible combination.

Here, we sought to develop a predictive model (prediction sample) of clinical outcome for paediatric OHCA by using SDA on nationwide Utstein-style data available in Japan, and to subsequently confirm the validity of this model (validation sample).

SDA was performed on sample 1 to identify factors related to the proportion of cases evaluated as CPC 1 or 2 compared with CPC 3, 4 or 5. SDA is known as a recursive partitioning and nonparametric process and assesses combinations of independent variables that are categorised into two subgroups according to selected criteria, for example, dichotomous variables or a certain cut-off point for a continuous variable. The identified subgroups by SDA were mutually exclusive and maximally discriminating subgroups for a dichotomous outcome. SDA is approximately applicable for an explanatory analysis, especially when it is necessary to measure higher-order interactions among independent variables because of clinical evidence. Thus, linearity and normality in residuals from the model\'s equation or multicolinearity among independent variables, as in a multivariate analysis, are not necessary to be considered. The SDA partitioning process identifies unknown combinations of certain independent variables to maximise the sensitivity and specificity in predicting patient outcome. The optimally efficient variable or cut-off point is determined by the maximum weighted-κ coefficient. After selecting the first variable, the programme will repeat partitioning for each subgroup using all of the independent variables until the stopping-rules are applied. The stopping-rules for the partitioning processes were triggered when (1) less than 10 patients appeared in a subgroup, (2) no variable was found with significant level, p\<0.05 and (3) \<0 values were in the lower limits of the 95% CI of the maximum weighted-κ coefficient.

The Cochrane-Mantel-Haenszel test was performed to compare CPC 1 or 2 proportion between the prediction and validation samples, stratified by the subgroups.[@R21] [@R24] [@R25] The validation sample (sample 2) was categorised into mutually exclusive subgroups based on the information from the SDA in the prediction sample (sample 1). The split-sample will be validated if no significant difference in CPC 1 or 2 proportion is found between samples 1 and 2. The mutually exclusive subgroups were created in sample 1 according to the critical variable cut-off points found using SDA in the first sample. Support for split-half method validation would occur if no significant differences in levels of inactivity were noted between samples 1 and 2 for the paired subgroups identified. Applying Cochrane-Mantel-Haenszel test was exploratory in nature and provided a more complete picture of the characteristics of each subgroup. In addition, we calculated d′ and area under the curve in receiver operating curve (AUC-ROC) to check the validity of randomisation.

Using all the samples, the subgroups were compared according to the study variables listed in [tables 1](#BMJOPEN2013003481TB1){ref-type="table"} and [2](#BMJOPEN2013003481TB2){ref-type="table"}. Analysis of variance procedures for continuous variables and tests of independence for dichotomous or discrete variables were used. Two-tailed p values \<0.05 were deemed to indicate statistical significance. Analyses were conducted using SPSS.

###### 

Descriptive statistics and cross-validation among patients with OHCA with cardiac origin (2007--2010)

                                                                                      Total (n=706)   Sample 1 (n=360)   Sample 2 (n=346)                                       
  ------------------------------------------------------------ ---------------------- --------------- ------------------ ------------------ ------- --------- ------- --------- ------
  Basic information                                                                                                                                                             
   Gender                                                      (Male)                 438             (62.0)                                214     (59.4)    224     (64.7)    0.15
   Age                                                                                12.52           (3.73)             (5--17)            12.56   (3.71)    12.47   (3.77)    0.73
   Emergency life-saving technician on ambulance ride          (Yes)                  679             (96.2)                                346     (96.1)    333     (96.2)    0.93
   Medical doctor on ambulance ride                            (Yes)                  42              (5.9)                                 26      (7.2)     16      (4.6)     0.15
   Advance medical treatment by medical doctor                 (Yes)                  123             (17.4)                                68      (18.9)    55      (15.9)    0.30
  Witness and bystander CPR                                                                                                                                                     
   Eye witness of cardiac arrest                               (Witnessed)            395             (55.9)                                192     (53.3)    203     (58.7)    0.15
   Type of bystander                                           (Family member)        151             (21.4)                                71      (19.7)    80      (23.1)    0.27
   Bystander chest compression                                 (Performed)            436             (61.8)                                227     (63.1)    209     (60.4)    0.47
   Bystander rescue breathing                                  (Performed)            229             (32.4)                                120     (33.3)    109     (31.5)    0.60
   Bystander AED use                                           (Performed)            74              (10.5)                                37      (10.3)    37      (10.7)    0.86
  Preshospital diagnosis and treatment                                                                                                                                          
   Initial ECG waveform                                        (VF or pulseless VT)   193             (27.3)                                103     (28.6)    90      (26.0)    0.44
   Defibrillation provided by emergency medical personnel      (Performed)            233             (33.0)                                121     (33.6)    112     (32.4)    0.73
   Advanced airway device use                                  (Performed)            183             (25.9)                                102     (28.3)    81      (23.4)    0.14
   Obtaining intravenous route                                 (Performed)            92              (13.0)                                50      (13.9)    42      (12.1)    0.49
   Epinephrine injection                                       (Performed)            33              (4.7)                                 18      (5.0)     15      (4.3)     0.68
   Scene arrival time from emergency call (minimum)                                   6.64            (2.69)             (0--21)            6.67    (2.70)    6.61    (2.69)    0.75
   Hospital arrival time from emergency call (minimum)                                32.16           (22.51)            (5--469)           31.63   (14.85)   32.72   (28.38)   0.52
  Outcome                                                                                                                                                                       
   Return of spontaneous circulation before hospital arrival   (Yes)                  150             (21.2)                                83      (23.1)    67      (19.4)    0.23
   1-month survival after the event                            (Yes)                  185             (26.2)                                95      (26.4)    90      (26.0)    0.91
   Cerebral perfusion category                                 (1 or 2)               141             (20.0)                                78      (21.7)    63      (18.2)    0.25
   Overall performance category                                (1 or 2)               138             (19.5)                                78      (21.7)    60      (17.3)    0.15

AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest.

###### 

Descriptive statistics and cross-validation among patients with OHCA with non-cardiac origin (2007--2010)

                                                                                      Total (n=2194)   Sample 1 (n=1090)   Sample 2 (n=1104)   p Value                               
  ------------------------------------------------------------ ---------------------- ---------------- ------------------- ------------------- --------- --------- ------- --------- ------
  Basic information                                                                                                                                                                  
   Gender                                                      (Male)                 1409             (64.2)                                  721       (66.2)    688     (62.3)    0.06
   Age                                                                                12.39            (4.04)              (5--17)             12.31     (4.04)    12.47   (4.05)    0.36
   Emergency life-saving technician on ambulance ride          (Yes)                  2076             (94.6)                                  1026      (94.1)    1050    (95.1)    0.31
   Medical doctor on ambulance ride                            (Yes)                  120              (5.5)                                   60        (5.5)     60      (5.4)     0.94
   Advance medical treatment by medical doctor                 (Yes)                  411              (18.7)                                  210       (19.3)    201     (18.2)    0.53
  Witness and bystander CPR                                                                                                                                                          
   Eye witness of cardiac arrest                               (Witnessed)            903              (41.2)                                  454       (41.7)    449     (40.7)    0.64
   Type of bystander                                           (Family member)        260              (11.9)                                  136       (12.5)    124     (11.2)    0.37
   Bystander chest compression                                 (Performed)            962              (43.9)                                  451       (41.4)    511     (46.3)    0.02
   Bystander rescue breathing                                  (Performed)            457              (20.8)                                  214       (19.6)    243     (22.0)    0.17
   Bystander AED use                                           (Performed)            14               (0.6)                                   6         (0.6)     8       (0.7)     0.61
  Preshospital diagnosis and treatment                                                                                                                                               
   Initial ECG waveform                                        (VF or pulseless VT)   59               (2.7)                                   31        (2.8)     28      (2.5)     0.66
   Defibrillation provided by emergency medical personnel      (Performed)            122              (5.6)                                   56        (5.1)     66      (6.0)     0.39
   Advanced airway device use                                  (Performed)            546              (24.9)                                  263       (24.1)    283     (25.6)    0.42
   Obtaining intravenous route                                 (Performed)            284              (12.9)                                  140       (12.8)    144     (13.0)    0.89
   Epinephrine injection                                       (Performed)            90               (4.1)                                   51        (4.7)     39      (3.5)     0.18
   Scene arrival time from emergency call (minimum)                                   7.77             (4.40)              (0--51)             7.73      (4.31)    7.80    (4.49)    0.71
   Hospital arrival time from emergency call (minimum)                                36.09            (25.53)             (5--324)            37.00     (28.19)   35.20   (22.59)   0.10
  Outcome                                                                                                                                                                            
   Return of spontaneous circulation before hospital arrival   (Yes)                  265              (12.1)                                  127       (11.7)    138     (12.5)    0.54
   1-month survival after the event                            (Yes)                  263              (12.0)                                  120       (11.0)    143     (13.0)    0.16
   Cerebral perfusion category                                 (1 or 2)               140              (6.4)                                   66        (6.1)     74      (6.7)     0.54
   Overall performance category                                (1 or 2)               140              (6.4)                                   66        (6.1)     74      (6.7)     0.54

AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; OHCA, out of hospital cardiac arrest.

Results {#s3}
=======

Out of 461,571 OHCA cases registered by the National Japan Utstein Registry between 2007 and 2010, 2900 paediatric cases were selected in the present analysis, and the remaining cases were excluded according to selection criteria ([figure 1](#BMJOPEN2013003481F1){ref-type="fig"}). Younger children were excluded because previous findings suggest that cardiac arrest outcomes may differ for children under age 5.[@R26]

![Cardiac arrest patients in Japan between 1 January 2007 and 31 December 2010 (*n*=2900).](bmjopen2013003481f01){#BMJOPEN2013003481F1}

Descriptive characteristics of the population are shown in [tables 1](#BMJOPEN2013003481TB1){ref-type="table"} and [2](#BMJOPEN2013003481TB2){ref-type="table"}. Overall, 9.7% of cases had an outcome of CPC 1 or 2 (20% for cardiac origin, 6.4% for non-cardiac origin). Compared with non-cardiac origin OHCA, the neurological outcomes of cardiac origin OHCA were significantly better regarding return of spontaneous circulation before hospital arrival, 1-month survival after the event, CPC 1 or 2 and overall performance category 1 or 2 (p\<0.001). Cross-validation showed that all variables were not significantly different between samples 1 and 2, except bystander chest compression among patients with non-cardiac OHCA.

SDA identified six distinct subgroups in cardiac origin OHCA, and four distinct subgroups in non-cardiac origin OHCA. While descriptive names are provided for each subgroup, the complex sets of clinical information were used for the interpretation of the subgroups. For example, subgroup 6 in cardiac origin OHCA was named as "non-VF/VT without eye witness".

The percentage of cases with CPC scores of 1 or 2 was 21.7% among cardiac-origin OHCA in the prediction sample ([table 1](#BMJOPEN2013003481TB1){ref-type="table"}). SDA revealed six subgroups, numbered as shown in [figure 2](#BMJOPEN2013003481F2){ref-type="fig"}. The percentage of CPC 1 or 2 across the subgroups ranged from 87.5% to 0.7%. Subgroup 1, characterised as public AED use and no defibrillation by EMS, had the highest percentage of CPC 1 or 2 outcomes (87.5%). Subgroup 3 (30.8% CPC 1 or 2) was characterised as receiving public AED use and EMS defibrillation. Subgroups 2 and 5 were characterised by the condition that there was no public AED use, and the initial ECG showed VF/VT. These two subgroups included a third variable, age of cases. For cases aged 10--17 years (subgroup 2), CPC 1 or 2 was higher (46.8%); for cases aged 5--9 years (subgroup 5), CPC 1 or 2 was lower (6.7%). Subgroups 4 and 6 were characterised by the condition that there was no public AED use and the initial ECG showed asystole or pulseless electrical activity. These subgroups were distinguished by a third variable, eyewitness of event. If the event was eye-witnessed (subgroup 4), CPC 1 or 2 percentage was 15.7%; if it was not eye-witnessed (subgroup 6), CPC 1 or 7 percentage was 0.7%.

![Results of signal detection analysis related to cerebral performance category 1 or 2 among 2007--2010 patients with out-of-hospital cardiac arrest aged 5--17 years: cardiac origin (patients were randomly split into two halves. One half was used for this analysis and the other half was used for validation).](bmjopen2013003481f02){#BMJOPEN2013003481F2}

The percentage of cases of non-cardiac OHCA with CPC 1 or 2 scores was 6.1% in the prediction sample ([table 2](#BMJOPEN2013003481TB2){ref-type="table"}). SDA revealed four subgroups, as numbered in [figure 3](#BMJOPEN2013003481F3){ref-type="fig"}, with percentages of CPC 1 or 2 ranging from 38.5% to 4%. Subgroups 1 and 3 were characterised by receiving bystander rescue breathing and eye-witness. These subgroups were distinguished by age of case. If cases were aged between 5 and 12 years (subgroup 1), CPC 1 or 2 percentage was 38.5%; if cases were aged between 13 and 17 years (subgroup 3), CPC 1 or 2 percentage was 8%. Subgroup 2 included cases in which there were no eye-witness or bystander rescue breathing; CPC 1 or 2 was scored in only 9.3% of cases. Subgroup 4 was also characterised as no bystander rescue breathing and CPC 1 or 2 was scored in 4% of cases.

![Results of signal detection analysis related to cerebral performance category 1 or 2 among 2007--2010 patients with out-of-hospital cardiac arrest aged 5--17 years: non-cardiac origin (patients were randomly split into two halves. One half was used for this analysis and the other half was used for validation).](bmjopen2013003481f03){#BMJOPEN2013003481F3}

Comparisons of CPC 1 or 2 rates among the subgroups identified by SDA showed no significant differences between the prediction sample (sample 1) and validation sample (sample 2) with either cardiac origin OHCA or non-cardiac origin OHCA ([tables 3](#BMJOPEN2013003481TB3){ref-type="table"} and [4](#BMJOPEN2013003481TB4){ref-type="table"}). In addition, the validation of randomisation was warranted since the AUC-ROC and d′ showed that categories of subgroups make a fair prediction of outcomes among sample 1, sample 2 and total samples.

###### 

Validity of randomisation, sample 1 versus sample 2, and performance by SDA among patients with OHCA with cardiac origin

  CPC proportions   SDA performance                                                                                          
  ----------------- ----------------- ------ ------ ------ ----- ------ ------- ------ ------ ------ ------ ---------------- ----------
  Sample 1                                                                                                                   
  87.5              46.8              30.8   15.7   6.7    0.7   1.43   1.65    1.27   1.42   1.44   0.78   (0.73 to 0.83)   \<0.0001
  Sample 2                                                                                                                   
  35.3              38.2              40.0   19.8   16.7   0.8   0.69   −0.12   0.97   0.67   1.57   0.88   (0.83 to 0.91)   \<0.0001
  Total                                                                                                                      
  65.9              42.9              36.4   17.9   9.5    0.7   1.06   0.76    1.12   1.13   1.52   0.83   (0.80 to 0.86)   \<0.0001

Cochran-Mantel-Haenszel test: p=0.26.

Subgroup 1: received public AED and did not receive defibrillation by EMS; 2: not received public AED and with VF/VT of initial rhythm and in the age group of 10--17 years; 3: received public AED and received defibrillation by EMS; 4: not received public AED and with non-VF/VT of initial rhythm and witnessed OHCA by a bystander; 5: not received public AED and with VF/VT of initial rhythm and in the age of 5--9 years; 6: not received public AED and with non-VF/VT of initial rhythm and not witnessed OHCA by a bystander.

AED, automated external defibrillator; AUC-ROC, area under the curve in receiver operating curve; CPC, cerebral performance category; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; SDA, signal detection analysis.

###### 

Validity of randomisation, sample 1 versus sample 2, and performance by SDA among patients with OHCA with non-cardiac origin

  CPC proportions   SDA performance                                                               
  ----------------- ----------------- ------ ----- ------ ------ -------- ------ ---------------- ----------
  Sample 1                                                                                        
  38.5              9.3               8.0    4.0   0.69   0.69   1.11     0.73   (0.66 to 0.79)   \<0.0001
  Sample 2                                                                                        
  21.7              16.6              28.3   3.0   1.03   0.30   --0.21   0.66   (0.58 to 0.74)   \<0.0001
  Total                                                                                           
  29.4              13.0              21.1   3.5   0.87   0.47   0.26     0.70   (0.65 to 0.75)   \<0.0001

Cochran-Mantel-Haenszel test: p=0.86.

Subgroup 1: witnessed OHCA by a bystander and rescue breathing and with 5--12 years old; 2: not witnessed OHCA by a bystander and received rescue breathing; 3: witnessed OHCA by a bystander and received rescue breathing and in the age of 13--17 years; 5: not received rescue breathing.

AUC-ROC, area under the curve in receiver operating curve; CPC, cerebral performance category; OHCA, out-of-hospital cardiac arrest; SDA, signal detection analysis.

[Tables 5](#BMJOPEN2013003481TB5){ref-type="table"} and [6](#BMJOPEN2013003481TB6){ref-type="table"} summarise the six subgroups for cardiac origin OHCA and the four subgroups for non-cardiac origin OHCA in children. In addition to the characteristics revealed by SDA, the use of witness and bystander CPR, prehospital diagnosis and treatment varied significantly among subgroups.

###### 

Characteristics of subgroups among all patients with cardiac arrest

                                                                        Subgroup 1 (n=41)   Subgroup 2 (n=147)   Subgroup 3 (n=33)   Subgroup 4 (n=195)   Subgroup 5 (n=21)   Subgroup 6 (n=269)   p Value
  --------------------------------------------------------------------- ------------------- -------------------- ------------------- -------------------- ------------------- -------------------- ---------
  Basic information                                                                                                                                                                                
   Gender (male)                                                        70.7%               68.7%                78.8%               62.6%                61.9%               54.6%                0.014
   Age (years)                                                          14.76               14.34                14.30               11.90                7.57                11.80                \<0.001
   Emergency life-saving technician on ambulance ride (yes)             97.6%               93.9%                100.0%              96.4%                100.0%              96.3%                0.479
   Medical doctor on ambulance ride (yes)                               4.9%                6.8%                 9.1%                8.2%                 9.5%                3.3%                 0.272
   Advance medical treatment by medical doctor (yes)                    24.4%               19.7%                18.2%               14.9%                14.3%               17.1%                0.702
  Witness and bystander CPR                                                                                                                                                                        
   Eye witness of cardiac arrest (yes)                                  97.6%               81.0%                84.8%               100.0%               61.9%               0.0%                 \<0.001
   Type of bystander (family member)                                    0.0%                26.5%                12.1%               50.3%                42.9%               0.4%                 \<0.001
   Bystander chest compression (performed)                              97.6%               57.1%                97.0%               53.8%                61.9%               60.2%                \<0.001
   Bystander rescue breathing (performed)                               75.6%               29.3%                75.8%               28.7%                38.1%               24.5%                \<0.001
   Bystander AED use (performed)                                        100.0%              0.0%                 100.0%              0.0%                 0.0%                0.0%                 \<0.001
  Preshospital diagnosis and treatment                                                                                                                                                             
   Initial ECG waveform (VF or pulseless VT)                            14.6%               100.0%               57.6%               0.0%                 100.0%              0.0%                 \<0.001
   Defibrillation provided by emergency medical personnel (performed)   0.0%                96.6%                100.0%              13.8%                85.7%               4.8%                 \<0.001
   Advanced airway device use (performed)                               9.8%                26.5%                12.1%               22.6%                33.3%               31.6%                \<0.01
   Obtaining intravenous route (performed)                              12.2%               21.8%                18.2%               8.2%                 0.0%                12.3%                \<0.01
   Epinephrine injection (performed)                                    2.4%                9.5%                 12.1%               3.6%                 0.0%                2.6%                 \<0.01
   Scene arrival time from emergency call (minimum)                     7.51                6.31                 5.94                6.82                 6.43                6.67                 0.082
   Hospital arrival time from emergency call (minimum)                  27.98               33.73                31.79               30.62                31.57               33.16                0.609
  Outcome                                                                                                                                                                                          
   Cerebral performance category (1 or 2)                               65.9%               42.9%                36.4%               17.9%                9.5%                0.7%                 \<0.001

AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out of hospital cardiac arrest.

###### 

Characteristics of subgroups among all patients with non-cardiac arrest

                                                                        Subgroup 1 (n=85)   Subgroup 2 (n=301)   Subgroup 3 (n=71)   Subgroup 4 (n=1737)   p Value
  --------------------------------------------------------------------- ------------------- -------------------- ------------------- --------------------- ---------
  Basic information                                                                                                                                        
   Gender (male)                                                        64.7%               65.8%                64.8%               63.9%                 0.937
   Age (years)                                                          8.56                11.41                15.56               12.62                 \<0.001
   Emergency life-saving technician on ambulance ride (yes)             95.3%               95.7%                91.5%               94.5%                 0.555
   Medical doctor on ambulance ride (yes)                               8.2%                5.6%                 11.3%               5.1%                  0.092
   Advance medical treatment by medical doctor (yes)                    18.8%               23.9%                23.9%               17.6%                 0.046
  Witness and bystander CPR                                                                                                                                
   Eye witness of cardiac arrest (yes)                                  100.0%              0.0%                 100.0%              43.0%                 \<0.001
   Type of bystander (family member)                                    54.1%               0.3%                 38.0%               10.7%                 \<0.001
   Bystander chest compression (performed)                              95.3%               94.7%                91.5%               30.6%                 \<0.001
   Bystander rescue breathing (performed)                               100.0%              100.0%               100.0%              0.0%                  \<0.001
   Bystander AED use (performed)                                        2.4%                2.0%                 7.0%                0.1%                  \<0.001
  Preshospital diagnosis and treatment                                                                                                                     
   Initial ECG waveform (VF or pulseless VT)                            5.9%                3.3%                 9.9%                2.1%                  \<0.001
   Defibrillation provided by emergency medical personnel (performed)   10.6%               7.0%                 12.7%               4.8%                  \<0.01
   Advanced airway device use (performed)                               18.8%               27.9%                22.5%               24.8%                 0.338
   Obtaining intravenous route (performed)                              7.1%                17.6%                16.9%               12.3%                 0.018
   Epinephrine injection (performed)                                    1.2%                5.6%                 5.6%                3.9%                  0.235
   Scene arrival time from emergency call (min.)                        8.01                8.39                 8.38                7.62                  0.022
   Hospital arrival time from emergency call (min.)                     32.78               35.71                37.14               36.28                 0.634
  Outcome                                                                                                                                                  
   Cerebral performance category (1 or 2)                               29.4%               13.0%                21.1%               3.5%                  \<0.001

AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; OHCA, out of hospital cardiac arrest.

Discussion {#s4}
==========

By applying SDA to 2900 paediatric OHCA cases, out of about half million registered OHCA cases in the nationwide Utstein registry in Japan, we identified patient subgroups with varying contributing factors to predict the best neurological outcomes (CPC 1 or 2). The subgroups created by SDA in this study could help identify the best and worst practice scenarios for paediatric resuscitation. Additionally, we confirmed the validity of these subgroups for the prediction of CPC 1 or 2 for OHCA in children by comparing a prediction sample with a validation sample. Furthermore, this study is the first to define subgroups of paediatric OHCA by long-term prognosis. Indeed, SDA revealed that public AED use was a significant predictor of CPC 1 or 2 outcomes for cardiac origin OHCA, and bystander rescue breathing was a significant predictor for non-cardiac origin OHCA among children aged 5--17 years. In other words, in the best-case scenario for paediatric resuscitation, a patient receiving resuscitation by a bystander could expect a good outcome. In the worst-case scenario, a patient who did not receive bystander resuscitation possibly faces a poor outcome.

The most significant factor contributing to CPC 1 or 2 outcomes in paediatric cardiac origin OHCA is public AED use.[@R1] [@R27] However, subdividing our study population through SDA identified six groups with a wide variation in CPC 1 or 2 outcomes because of the contributions of other factors. Several explanations may account for this variation in CPC for paediatric cardiac origin OHCA. Subgroup 1 contained patients receiving public AED use, and patients in subgroup 3 received defibrillation by EMS in addition to public AED use. Subgroup 4 had non-VF/VT (or pulseless electrical activity/asystole), but the cases were also eye-witnessed, which is expected to lead to immediate treatment by bystander and prehospital individuals. These subgroups were expected to have early intervention, and, accordingly, a better long-term prognosis. On the other hand, subgroup 6 could be described as non-witnessed, non-treatable initial ECG rhythm, no public AED use and death may have already occurred.

For non-cardiac OHCA, the most significant factor contributing to CPC 1 or 2 is bystander-performed rescue breathing.[@R12] The comparison of CPC 1 and 2 between the individuals who received bystander rescue breathing or not was 10% different (14.5% in rescue breathing and 4% in non-receiving rescue breathing). The American Heart Association (AHA) recommends chest-compression only CPR, a method supported by several studies[@R28]; however, this result suggested the potential effectiveness of bystander rescue breathing, and further study is mandatory for confirmation.

Interestingly, scene arrival time from emergency call and hospital arrival time from emergency call for non-cardiac origin OHCA were statistically longer than those for cardiac origin OHCA. This may result from a smaller proportion of eye-witnessed cardiac arrest in non-cardiac cases, a longer time to confirm OHCA than for cardiac origin arrest, and potential delays in initiation of treatments such as bystander CPR.

The SDA findings are easily translatable to predict the clinical outcome of paediatric OHCA. For example, if a 9-year-old was diagnosed with cardiac-origin OHCA, had an initial ECG rhythm with VF/VT and no public AED was used on the scene, the probability of CPC 1 or 2 would be approximately 7% (as reflected by subgroup 5).

There are several limitations in this study. First, this study focused on OHCA in children, thus in-hospital cardiac arrests were not included. Also, the selected 17 explanatory variables mainly covered prehospital clinical situations. Therefore, the effectiveness of extracorporeal membrane or therapeutic hypothermia could not be confirmed in this study, and the details of pathophysiology and treatment of cardiopulmonary arrests were unknown. Second, because just 17 variables were selected, there exists the possibility of missing factors that might be significantly associated with better clinical outcomes, such as regional/geographical variances, temperatures, weather, etc. Third, bystander chest compression was significantly different between samples 1 and 2 among patients with non-cardiac arrest. However, outcome proportions were stable among subgroups. Thus, this would minimise a violation of homogeneity in two samples by randomisation. Fourth, although the validity of split-half by randomisation into samples 1 and 2 were warranted, the proportions by some subgroups seem different between samples (ie, 87.5% for sample 1 and 35.3% for sample 2 for subgroup 1 in patients with cardiac origin in [table 3](#BMJOPEN2013003481TB3){ref-type="table"}). Small sample size due to grouping after split-half could contribute to inconsistency, which might affect the generalisability of our findings. Compared with an adult population, paediatric patients consist of small proportions.[@R12] Continuing data collection would improve the generalisability. Fifth, as for other epidemiological studies, data validity, integrity and bias should be taken into account. For example, the diagnosis of presumed cardiac arrest was decided exclusively, and non-cardiac cause was given when there was no obvious evidence of a cardiac arrest. Sixth, the performance of resuscitation for OHCA in children changes year by year, and this might not be fully reflected in the analysis. As shown in [table 6](#BMJOPEN2013003481TB6){ref-type="table"}, the percentages of eyewitness of cardiac arrest and bystander breathing were higher in 2009 compared with 2005 and 2008, probably because of improved public education on resuscitation in Japan.[@R27]

Conclusion {#s5}
==========

By applying SDA, contributing factors for the outcome of paediatric OHCA were identified. For cardiac OHCA, we identified five factors---public AED use, initial ECG rhythm, defibrillation, age and witnessed cardiac arrest---contributing to CPC 1 or 2. For non-cardiac OHCA, we identified three factors---bystander rescue breathing, witnessed cardiac arrest and age---contributing to CPC 1 or 2.
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